The very large energy ratio of machines such as the SSC dictates rather low injection field (for 6T, 20 TeV it is approximately 0.3T). Since the harmonic content at such low fields is largely determined by magnetization currents in the superconductor, the random errors depend on the uniformity of the superconducting wire. In principle the magnitude of the residual fields can be reduced indefinitely by using finer filaments, but in practice there is a lower limit of a few microns. We have compared the injection field harmonics for a number of accelerator dipoles with magnetization measurements made on samples of the conductor used to wind the coils. In addition both the magnetization and harmonics have been compared with short sample critical current measurements made at 5T. The results indicated that an accurate estimate of the variation in injection field harmonics can only be obtained from direct measurements of the magnetization of the cable. It appears feasible to use such measurements to "shuffle" magnets for a large accelerator by predicting the low field properties of a magnet before actually winding the coils.
Introduction
It is well known that the magnetic fields generated by persistent currents in the superconductor of accelerator dipoles is quite significant at low fields, especially for the higher multipoles. These magnetization harmonic fields, which have been measured in several different types of magnets,1-5 are of concern to accelerator physicists since they determine the field quality at injection. The large energy range (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) TeV) envisioned for the Superconducting Super Collider (SSC) makes this injection field so low (for a 6T maximum field it is nominally 0.3T), that the random variation of the superconductor magnetization may limit the effective aperture.
We report here magnetization measurements at low fields on seventeen CBA/Tevatron type cable conductors. These are a small sampling of the 200 cables that were manufactured for the CBA R&D program and were primarily investigated to obtain an estimate of the random variation in the magnetization of the conductor and to correlate the magnetization with critical current data6 at 5T, and with the magnetization sextupole measurements of CBA magnets. Table I lists the different conductors measured along with the manufacturer of the wires in the cable. In column three the critical current, Ic (5T,4.2K) is given. The critical currents of cables were measured previously6 as part of the quality control of CBA conductor, and are for applied field perpendicular to the wide face of the cable. Column four lists the ratio of the critical current inferred from magnetization and the measured Ic at 5T. The ratio of Imc (0.3T)/Ic (5T) given in Table   1 We can define a "magnetization sextupole" Ab2 E b2uP ramp-b2down ramp which can be used to compare with magnetization data. Figure 2 shows a histogram of Ab2 for 18 magnets at 0.31T dipole field. The data show a mean of 35.2 with a rms variation of 2.5 units (7.1% of mean). Although these data reflect the variation in M of , 51 cable spools, the correlation of Ab2 with the measured M (Fig. 3) in terms of the wire source is evident. The critical state model predicts that M -Jcd. So in principle the magnitude of Ab2 can be reduced indefinitely by using finer filaments. In an earlier report7 this scaling of M was found to be true for d values ranging from 9 to 200 pm. Recently conductors have been available with high Jc at 5T and some of these have filament sizes A 3 pim. Table 2 lists the conductors and the measured Jc at 5T. LBL-280 wire was made from the so-called high homogeneity NbTi and T22 was wire drawn from the LBL-280 strand. "CBA" reflects the standard CBA/Tevatron wire. The FURUKAWA and MCA conductors are experimental wires that have been recently manufactured. Figure 4 shows the behavior of magnetization at 0.3T as a function of d. which is in excellent agreement with the magnet measurements. Extrapolating from these measurements the estimated random variation in the sextupole due to magnetization at injection would be 2 x 10-5 cmn2 for the SSC high field magnet design using conductor with 3 micron filaments.
Critical Current and
In summary, we emphasize the following points:
(1) an accurate estimate of the variation in injection field harmonics can only be obtained from direct measurements of the magnetization of the cables, and it appears feasible to use such measurements to "shuffle" coil windings to reduce the random variation in magnets for large accelerators. (2) 
